Real time quantification of intracellular nickel using genetically encoded FRET-based nanosensor.
Nickel (Ni2+) is an essential mineral nutrient that is required in trace quantities, but exposure to excess amounts can be toxic or carcinogenic. Mechanisms underlying Ni2+ imbalance and toxicity are poorly understood because most analytical methods currently used to probe this metal are invasive or also have toxic effects. To address these problems, a genetically encoded FRET-based probe for nickel metal (FProNiM) was constructed for real-time detection of Ni2+ in live cells. FProNiM was constructed by sandwiching the bacterial periplasmic nickel-binding protein NikA between the fluorescent protein variants ECFP and Venus. Ni2+ binding to FProNiM induced a conformational change that could be detected by a change in fluorescence resonance energy transfer (FRET) ratio (acceptor/donor fluorescence). In vitro studies demonstrated that FProNiM is specific for Ni2+, insensitive to changes in pH from 5.0 to 8.0, and has an affinity (Kd) of 21.6 μM, which allows detection of Ni2+ concentrations from 0.1 to 5000 μM. The sensor variant FProNiM-5 was also expressed in Escherichia coli (E. coli), yeast, and mammalian cells. In each cell type, changes in Ni2+ concentrations were detected with subcellular resolution using confocal microscopy.